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[ASM! 

*1t*o] ^>7l 7]^- Bfl^ofl SU^i, 7>7l 71^.^ ^7} 5~40nm <>HS 2: 

£ 4 
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^JL^£ 71^-4- 7l^-§- ^ ^^{Perpendicular magnetic thin film for 

ultrahigh density recording} 

£ 2fe ^«V^^] m ^ ^V^l€- -£^*Kr 3^S<>1jI, 

£ 3a ^ 3bfe ZfZf ^Aj^ofl icj-s ^3] *>7l 71^- rflt!- ^ A 

A c ^ a^ ^2}-^ M-^Lfl^ 

£ 6^ ^ *r7l7l-it ^fl^l^l tfl*M, *F3# ^ S 

^ofl cfS. ^^^^^ igsm ^ifl^ JE^o]ji f 

£ 8^r ^Ml^l ^ -tlJUfl #^-tiKSNR)o)l ^ 3.*} ^41- 
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<io> 21^171 ^J±S|- A>5)^ ^^J- ^€ ^^-^1^1 HDD 

(Hard Disk Drives)^ Merged GMRCGiant Magneto-Resistive) ^ PRML(Partial 

Response Maximum Likelihood) -ils 7l^<q ^^o_^ ^7l^- ^7>^-ol ioo% 

ol^-ofl ^>J1 olcf. ol^- ^ 7]^-^ JL^^S. Q*}^ HDD°fl A>-g-5]^ 7}7l c] 

ia^ nfl^i] v^o] ^(medium noise)7]- ^JL ^.-^-(thermal f luctuat ionH ^| 

^l-#(super paramagnetic effect)^ ^•^■"S: ^M 0 ) ^r^. 

<11> J£ 1^ ^H>^o] ^ 7>7l7l^-ofl^o] 7fl^O.S JE*l*rfe ^r^iolcf. 

71 nfl*^ ^-S] £ ^ ^-f^llf^ 71^ (10) 3H1 71^ ^ ^ tifl^^ 

#7>Al7l^ ^^j afl^t (under layer, 12), 7}^-# 7]^ ^1 rfl^>c^ 

^ ^JL5L -fM*>7] ^ *f7l o]w o >^ ol]u|^# ^ 7]-7l 71^-^- 

(perpendicular magnetic recording layer, 13), °1 ^^1 7>7l 7}^™$-g- 

^q°.S,¥-Z\ *L$iZ}^ g_3L^ (protective layer, 14) ^ (lubricant layer, 

15) # 9X^. 

<12> AV-g-51^ CO Tfl ^-Hj-f^g- *fl-g-*Hr 7f7l7l^ n fl ^S^^^: 

21-5 
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<is> ^ ^7) 7l^-^(13)ofl^ ^rS. CoPt^l CoCr^l ^g-°l ^-§-5]ji <&o_xq t o]§ 

Co -%1MJ ^3)3 [0002] 7l* ^1 « 0 >^ol ^n^^o) *t-cf. °1» 

^sfl ^1^(12)^.5.^ Ti #^r, Sfe TiCr -§- Ti^7> A>^cf. 
<w> 71^(10)^1 M-fe <a^3 -n-e) 7l*,' NiP al^^M Al-lMI 71*. 

£#3**1*1 Si 71* J§-°] A>^fecfl, Ti *H*J-(12)£r o]e^ 71* ^<H1 Til- ^s]&i^ 
#33 ^ f^i=h *MeKl2)£] 1 ifl^l 200 nm ^ 

floH, ZL ^ofl CoT^l *r^*M: *}7] 7l^-^-(13).9.^ ^S^tf. O] ttfl Ti 
[0002] 71* igofl 3g^^>7fl aH^5l^ f^Sr^r. 

<15> ^ 71^- ^ofl olol^, ^efl 7l#^ ^^1^^ 7l^-« 0 ^Hl 7}^^SLS. 

^ *^«Hr « icOl^ 7 > £H=Hr ?M4. ^71^-^Sl 7gJ>- 71^ ylM2] 7>7l 

3 ^(magnetic polarity)^ ^°l£l^ ^^Hl^ ^s-}^ ^ol ^^(transition 
noise)7> n])*U ^0^01 cfl, 7 )^^o^ ^0. ^ ^ol^ofl ( h]e 

ifl«-o} til^HK reversal magnetic domainHl 5lt> 3^ *]-g- ico] ^(DOearased 
noise) 7> ^7}sL ^7fltbcf. ajfl- *]-g- ^°1^S #o] 7 l 7 ]^q taje ^«.o} 

€ ^Hf^ ^1- #a}o) ole]*l nfl^^ ^aJ^ ^^ 7 f (magnet ic 

100P)^ 2A>^^1 ^7fl^^ tH^uV ^ o^cf. ol nfl *J|^ xfTll^ 

M-b * r 7ll» 2^-S). £ 2<>1H M^r *r5r, H^r $1 31 » 5] 

*1W. 

<16> 7^ ^>7l7]^- nfl *fl^ *H3^ ¥^17> 50-200 nmS. ^ y^n]^! tilsfl nfl 

21-6 
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-f 9l°-A, °1 «^1 A*§*] SCfe 0.4 tfl^l 0.9^ ^A. 

<i?> ^Hl(SQ) = A^AA^iMr) / i^>Sl-^(Ms) 

<18> O)^ ^o} tf-7\°- *}A$ 7}*tn-Sr A&ASr ^) ^ O. JL ^*\°)^ £ 4 

Ti3l ^}*l#5i|- 71^-^]- AA -1-^*1 (lattice mismatch)^. ^]^>^ z}7] ^ 

7} A-°r 3-7} ^^(initial growth layer)°l z>\A^A A^^' Tfl^oll *$^AA. AA 
A, *}7}qo_S. 3,7} ^A^A 7}^A ^A Cr #AA °§^o_3. AA°1 tgq x$ 

$ aaa aa^^ l^r-g-^i ^aaa AA. 

<19> o}Q ^0} ^ ^7} AA^tt^ lAV-g-igofl ^^^>7fl 5]^ nfl*H AA 

7} <&7}S)A &■& -$$}*)} A 5. <^^£) «>^i^7> ^^Tll 5L| , <£A ^ ^ ^ A A S 

°1 ^^H 1 ^ ^fls. °]«H ^ *l-§- <8^M 7]An A^, ^A^^-S- ± Q ] 

^ ^A i-^-g- 3=.mU] AA. 

<20> HltK «fl ^ *Ml7> T^^o} l^-g^l §7fl^ 71^-^1= 7}7fl£] £3E. 

«y*H 7l^ J§J£7> ^^0.5. ^l^^l^ *^*M£ 

ol^«V JI^S. 71^-oflA^ Jitj. A]zj-sr]-7fl *Hj«H JL^JE 7l-Ij.-g-.OS. 

^ $xi aa. 

1*0:*$°} °}^JiA A^ 7}^ Am 
<2i> AAA, it^o] °}^3-A *Rr 7l^^ A*\)$r ^ A?} «HAAA ^A 

<m oj-^^o] o.^^TgA-1 , ^71^- ^E^S. i^olZL 7>^ ^ ^5L^- ^ 
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W AAA *>sH^ 2A^A ^fl*Rr ^ A^^r ^ Ay) A 

^fl« *fl^Hr %°)A. 

<22> £ «V^o. 7] +q ^ # ^^ 7 ] ^oj, 

<23> 7)^4 ^3) ^>7l 7]^-^ A>°H, # 7 ] ^ 7^1 7l^-^^ ^ Ufl^^- ^-£^> 

^ ^1^1 AA y)^ D fl3H &<>H. #7l x}-7] 7l^Sj ^)t> 5~40nm o]xfl 

3- -g-o^ tgj ^ ^>^1# ^ ^J* ^^-S. S}*r ^ 7>7l 71^- ofl^l# afl^ 

<24> a. ^ofl s^ig, #71 ^>7l 7l^-^ol CoCrPt^l ^^.S °1^<H^ v}^*} 

A. 

<25> £ ^ofl S^}^, ^-71 7>7l 71^-B]-^ p t ^ ^^o] 8 - 20 at%^l °1 

<26> £ ig^ofl ^-71 x>7l 7]^-^ Cr th^l \2 - 20 at%<?l »>^*>t)-. 



<27> ^ofl S]*}^, ^-71 7.1-71 2R4 5E^ *fl5^ -g- Ta, Nb SE^ Ta+Nb 

* 4 at% °)*}3, v\ i^g- ^ ^cf. 

<28> g-igfi] ^AHHl ^*>^, #7l *H^ol TiT^l ^0.5. ^l^^l %°) A&2\*} 

A. 

<29> o^> & igr$£ JfcLtf ^l*>7ll ^^tbcf. 

<30> >&^£r <5>.EL C^a. S.e)-olti ^ofl *fl-g-S)ir 7>7l 71^- nfl^ofl ^^-S, 7l 
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<3i> £ t^7>#^ CoCrPt^l ^^2} ^ ^isf s^ofl o).^ ^jr).^ <q jl^d] 

<32> ^ ^-tg o. «>^1^ ^ofl CoCrPt^l 5E^ Nb, Ta Ta+Nb7> ^7>^ 

CoCrPtTj] ^-i: 5 ~ 40nm ^^S. ^ ^ ^ # 

<33> ol nfl CoCrPtTfl a^ w-o^i oio^ Cr f-^^r 12 - 20 at%, Pt U^-i: 8 - 20 

at%°-S Sj-^- ?W w^*]^, 7^1 4 ^1 5 ^SAi Ta, Nb Ta+Nb* ^7}*}^ 

^-f ^ 4 at% cl^l-7}- tb^. 

<34> 7;}Ajn|o) -^jofl ^ ^A^ ^7fl 7 > ^Rr Jit} ^afl^ H^V'S tf 

£<>1 *M3M- #3 3*} ^ «Wef *V8*3f- TiTfl ahsj ^ 

*H*}SHH ^^oiq- 7 }^L6\] ^aV^cl «yoiq-7l nfl^ofl «] ^ 

<35> £tb, ^71 Tjl^ofl ?]7>£l^i5i fH^lM^fe S7l sfl^£]7] nfl 
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cf. 4eM CoCrPt *M3^ ^ Cr^ ^3*931 #^°} -g-°l*fl2lt}. °1 

3L$. ^7}*}51, X\7] o]]ui^£ ^7>^ 7.}y)^ 

<36> #;47fl (demagnetization field)*]- % 0 l H o^ «1tt 



^lJl Zl ^2fS ^ ^ 7>^7> 

<39> ZL^uJ-, ^-f^^ ^7} 5~40 nmS 8f£r ^-f°fl^ Ti^l 

^1*4 CoCrPt 31 ^ e^^l^i CoCrPt thS^ ^ a, c7> S.^ ^ # 

^ #7H^ t 313 ^«HM*I* *fl^*fl # 9X^ S7l ^^-#ol ^fl*}*! & 

^^^14. t^^i *Hg =71)7]- 5 ~ 40 nmS ^4-^ 

Cr 7^ <a^M-^l 

<40> Cr ^ 7 j*l *\ 7 ) o]*£s§ oflui^l^ ^isM^> #i-£ 

^-^e>JL, *>7] <>W$ 6\)i^7] 7^±_x) #^1*1 *fl-g"°l Cl 7^1 ^ ^ 

<41> a}7H CH*1H Cr ^ 7.>7l^ iE^ <HH*l7|- 3.7} nfl-g^ 

«| ^ T+Tflir 7]^ ^ o]<4 =- 7 >xl ol-o ufl§-ofl x}^^o} 5 ~ 40nm ^ 



<37> 
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< 42 > CoCrPt^l *H3^°1 3^ ^ 7}3l» #7] $n*\S= Pt Cr 

^IM ^ £3£M 6 > ^r^, Cr ^<>1 14 

at% ~ 16 at% <?] ^-Mfe Pt ^<=>) 7 at%<=Hl^i 20 at%*}*] ^7>^-ofl tr)-sj- ^ ^ 7>7fl 

< 43 > g:^ Pt7\ 12 at%5. <a^tr Cr trlM 10 at% Jit* ^ ^ 

^^]7l- ^ ^1 Cr TBr*&°] 12 at% ~ 20 at% ^ ^IHHtt ^ 5Hr 

cf. ^.«| Cr ^*3=°1 u - 17at% e*HH 7>*M, o] ^.cf Cr$\ ^ 

°1 f^*}^ ^ An7\ 0 i4 + a-g- nJ-eH CoCrPtTfl g-^iHfe- Cr^- 

*8=°1 12 - 20 at%, Pt ^<>1 8~18 at* ^S.7> «fl ^ *r3]# £ferfl 

<44> SEtb, ^^l7]7l ^sfl ^-f-ofl 4^ A 4 Cr #^}*r^r Ta, 

Nb ^ ^7>^- nfl^l^ 4 at% °l*r, 2 - 4 at% ^£7> aJ^NI, Ta, Nb ^ 

=L ^7>*>7fl ^ ^ 7,>^7> ^3*1 #<^#7l x^^-ofl W>^*1 &<=r. 

<46> <-^*Hl 1> 

<47> 0.635 mm -fj-e^l^ $W Ti *r*l*te 50 nm 3#tr ^, ZL ^ofl ^ 

3] 7.>7l7]^- *H3^<?1 CoCrPt ^ -g-g-cco 74.6 at%, Cr 17.1 at%, Pt 8.3 at%) 
* 20nm ^^is}<%^ , ZL SHI ji^o. 3.>M ^^]^* lOnm, ZL^JI £-#^iL 

Z-D0L(0.04%)(AusimontA> 4%-) 2nm *r7l7l-If- c]iHf 
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<48> 



<49> 



Co 70.1 at%, Cr 16.9 at%, Pt 10.5 at%5. ?r ^ ^^ir ^Hl 1^ -§-<|]tr 



<50> 



<-M^H] 3> 



<51> 



Co 70.1 at%, Cr 16.3 at%, Pt 13.6 at%3- tr ^1^^>J1^ 4i*H 14 #^tr 



<52> 



<^H 4> 



<53> Co 69.6 at%, Cr 15.5 at%, Pt 14.1 at%5. & XI^Sl-aL^- ^*H1 l^f 



<55> ^ 7>7l7l^- 7^^ 10nm S fr ^J-fr AJa] 6j| l- 4 Sf ^<H*V 

y o^^ *M ^}7l 7]^ Cli af ^2:^4. 

<56> ^-71 ^Al<^l 1-4 ^ AjA^] 5-8^ ^31 7>7l7l^- t]^EL°\] tfl^H f-^ ^ ^ 7f 

^# t^J £3HI *r€-, TiTfl ^H#4 CoCrPt#^ CoCrPt ^3*r# 
*r c, a# AA £3a 5 3bS H-E}ifl£i=r. 

<57> £ 3a ^ E. 3b°11 ^^S, Pt^l ^7}^ a ^ c7 > S.^ #7>5>o^ , s. 

*1 ^3] 7>7l7l^- *Md^ ^|7> 10nm^ °fl7> 20 nm^ nfldfl a ^ C 7> c| ^ ^ 

* ^ 9X^. °lr ^"71 7>Aj^^ ^ 7l . ^7>^2:7> £Ltf C| 



<54> 



<<£X\c$ 5- 8> 
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<58> 



^ ^ £fe 3i* ^ 



<59> 



<4H°fl 9> 



-r-^ll* 10, 15, 20, 25, 30, 40nm 3. $3^1?! ^^JI^ *3aH 3 



<62> *V8f^ ¥^1* 10, 15, 20, 25, 30, 40nm S. ^ ^X\d\] 4 

^ 7>7i 7i^- cj^a* ^a«j-sa^. 

<63> £ 5 ^ ^Alc^l 8 ^ -M^l^l 10^ 7>7l7l^- nfl*lH tflSM , *M3f^ ^ Pt ^ 

o\] nfl» #0_£. v|Efwfl ^olcf. £ 5S^£| ^cfl^ «} ^ £- 7 ) «fl 

tb 7>^^ ^Tfl 7> p t sl 4^ £sJ-*Rr 3^- $m. ^ *H3^ 

^ 2^ «H ^a^v fli=Nr ^THcf. 

<64> <^Al<^l H> 

<65> 7}^^ CoCrPtTaTfl ^g-(Co 69.8at%, Cr 16.1at%, Pt 12.0at%, Ta 2.1at%)3. tb 

3* afl^sj-uUf- ^^H] 14 ^ o.S ^ 7]-7l 71^- ^1^>^4. 

<66> <^Al^] 12> 

<67> Co 67.7at%, Cr 18.9at%, Pt 11.5at%, Ta 2.1at%£ 3J-§- M}^*}^ 11 



<61> 



<^*H 1Q> 
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<68> <-*UH 13> 

<69> Co 66.6at%, Cr 20.0at%, Pt 11.4at%, Ta 2.0at%5. tr ^ >fl^*>Jl^- 11 

<70> £ 6-^ 11, 12, 13S] ^3) ^>7l7l^- C]ia.ofl tflSH 7>^^o) J=*flofl ttj-S. 

<$2] q-EfVfl £ 6AS.^e1 7>^#ofl Ta -f-s] 4^i7} ^7>s)cHe(-£ 

<7i> £ 7^ ^^Ml (Hn)^ -i, o, 1, 25. gSHI nfl, ?i\]EL<*\} 

H.7|ofl 71^ nfl^l^ ZLHI £-ff- 1^ ^ (current 

saturation curveH ^lS^r ^^M^r. D fl*fl7> ^ ^ *r7fl«- $H= 

E^t}. ZLEiH- Dfl^] 7 > «tj ^ ^Tfll- ^ ^ -fo^ #^o] 4>cfl^ 3. jl # 

<72> £ 8^r ^ ^ 7MH 4€- SNR^ cfltt ^4* M-^Jl 

JL*-Ei ^ ^ 7V^7> ^-S] 3. ^.o.^ ^e). SNR o] ^ti>^ ^7HKfr ^fl-fr 4 

<73> ^*fl HeH^H^r 7)^ ^J±7> ^ *fl<HH 7l^-£] 

fe^l, °H 71^- ^sK-s>r ^ 7j4=- ^sHr^H ^ q.<^ ^Jcl 
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"fl^-ofl, ^ °i^}>\] S.^^ ^-g" -S^i 7]^- 

7> A]ZL^ feojjl ^Ol^l- ^3]^>7l -H^5L7l^^ 7>^*|-Cf^ 



<75> a. ^Tgofl o^tb ^3 7V7l7l^- nflafl^ ^-o] «q t.>7^]# £fe CoCrPt^l *>^tq- 

* *fl-8-*Hr ^-^.S 7)^ «V^-ol -g-O} ^ ^ 71-7)11- 7>^0.5L*j J! 1251 

^ ^(reversal domain)^ °<J=°1 #<H*<H ^l^ 0 ! ^7}*}^, *|-?f- 
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1] 

^ is}xWo] 7.>7l 71^- ufl*H6fl o}o^, ^-71 7>7l 71^-^ ^^7> 5~40nm o}^\ 

S. 2i^S\o] ^ ^ 7>7fl# ^ 3* ^ 7f7) 71^- nfl *f| . 

2] 

*flrM Si^i, #71 7.1-71 7l^-°l-ol CoCrPtTfl ^o.S. ol^^l ^10.1 

^ ^ 7>7l 71-1=- nfl ^1. 
1^7--% 3] 

*fll*J- S^r ^112^-ofl SJ^A-l, ^1-71 7>7l 7)^9] p t £] 8 ~ 20 at%^l 3-8: 

AS. ^ ^ 7>7l7l^- nfl ^-11. 

[^T 1 * 4] 

^11* Stt ^l2*J-ofl SH^, #7] 7f7l 7)^£\ Cr Ht*&°] 12 ~ 20 at%°! -=f 
*J 0.jjL <5Kr 7>7l7l^-nfl^. 

[^T 1 * 5] 

Hfe *H2*J-°H ^M^, #7l 7>7l 71^-Bl-ol ^14 ^ Ta, Nb 

Sir Ta+Nb^- 4 at% ^l^S. 5.^}^ f^lS ^7] 7l^ nfl^. 

61 

*fll^ ^|2^4| Sa«H^, #71 S}*1*H Ti^l t^^S °l-¥-<H*l 3# 

^ ^r*l ^>7l 71^- nfl*|). 
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